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The different colour diaspore types of Arctotis fastuosa Jacq. and Ursinia cakilefolia DC. were examined. 
Pericarp and seed coat anatomy revealed only minor differences between fruit morphs. Diaspores of A. fastu-
osa are characterized, amongst others, by a lens-shaped pericarp operculum and bubble-shaped, air-filled 
cells in the outer epidermis of the seed coat. The latter may represent a mechanism to protect the embryo 
against excessive heat. 
Die verskillende kleur diaspoortipes van Arctotis fastuosa Jacq. en Ursinia cakilefolia DC. is ondersoek. 
Perikarp- en saadhuidanatomie verskil min tussen die vrugmorfe. Diaspoortipes van A. fastuosa word onder 
andere gekenmerk deur 'n lensvormige perikarp-operkulum en blaasvormige, luggevulde selle in die 
buitenste epidermis van die saadhuid. Laasgenoemde kan 'n meganisme verteenwoordig om die embrio teen 
oormatige hitte te beskerm. 
Keywords: Arctotis fastuosa, arid environment, Asteraceae, Namaqualand, Ursinia cakilefolia. 
*To whom correspondence should be addressed. 
Introduction 
Arctotis Jastuosa Jacq. and Ursinia cakilefolia OC. are two 
polymorphic species from the arid Namaqualand. Polymor-
phism is the production of two or more types of diaspores 
on the same plant and is a typical feature of many Astera-
ceae (Bachmann et al. 1984; Austenfeld 1988). Polymor-
phism is an adaptation of a species to live in highly un-
predictable environments and may enhance the fitness of a 
species (Maun & Payne 1989). 
This paper forms part of a morphological study of four 
polymorphic species from Namaqualand. Dimorphotheca 
sinuata DC. and Dimorphotheca polyptera OC. (Beneke et 
al. 1992a) differ significantly in macromorphological dia-
spore characters as well as in pericarp and seed coat 
anatomy. The diaspore types of Arctotis Jastuosa and 
Ursinia cakileJolia, however, differ externally only in 
colour. A light microscopical as well as a scanning electron 
microscopical study was conducted to explain the cause of 
polymorphism in the latter two species. A more detailed 
introduction with regard to the family Asteraceae, fruit 
polymorphism in general, germination behaviour of different 
seed morphs, and the environment of these ephemeral 
species, was presented by Beneke et al. (1992a). . 
Materials and Methods 
Achenes used in this study were collected in the Goegap 
Nature Reserve. The reserve is situated approximately 12 
km east of Springbok, between longitude 17°55' and 
18°08' East and latitude 29°34' and 29°43' South. 
The black and brown diaspores of Arctotis Jastuosa and 
the white and black diaspores of Ursinia cakileJolia were 
examined both light- and electron-microscopically. 
One third of the achene was removed and transverse sec-
tions were cut through the central portion of the mature 
achene. The fixation of the material and preparation of the 
2 - 4 J.l.m thick glycolmethacrylate or GMA sections were 
described in detail by Beneke et al. (1992a). Histochemical 
tests for cutin and protein, as well as the study of crystals, 
are also mentioned in that paper. 
For the scanning electron microscopical study the dia-
spores were dried over silica gel for 28 h, sputter-coated 
with gold and viewed with a Jeol 840. 
Results and Discussion 
The shape of the diaspores is described using the terminol-
ogy proposed by the Systematics Association Committee for 
Descriptive Biological Terminology (1962). 
In the descriptions the position of the cotyledons within 
the fruits is described according to Bruhl (1984) in Short et 
al. (1989), i.e. 'the terms lateral, medial and oblique are 
used to indicate the relations. In fruit with lateral vascular 
bundles the bundles occur in the plane of the upper surface 
of the colyledons. In fruit with medial vascular bundles the 
bundles are opposite the lower surface of the cotyledons. If 
the position is intermediate between lateral and medial the 
bundles are considered to be oblique'. 
Arctotis fastuosa 
Brown diaspores 
Diaspores of A. Jastuosa are characterized by a lens-shaped 
pericarp operculum on the longitudinal axis. Compared to 
the black diaspores which are produced by the disc florets, 
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the surface of the brown diaspores which are produced by 
the ray florets, is smooth with inconspicuous ridges. The 
obovate shape and the size is illustrated in Figures I A 
and lB. 
A more or less thin-walled and often compressed outer 
epidermis (exocarp) delimits the pericarp of these diaspores. 
A few cells of the epidermis on the two ridges, which 
practically cover the operculum, have become multi-layered 
(two to three cell layers thick) (Figure IC). The paren-
chymatous hypodermis is tanniniferous and the anticlinal 
walls show the compression of the cells distinctly. A well-
developed outer sclerenchymatous zone lies adjacent to the 
hypodermis. Very striking are the long and narrow V-shaped 
sclereids. The short outer tangential cell walls are partly or 
not at all lignified and the cell lumens are packed with 
prismatic crystals. These crystalliferous sclereids occur 
abundantly, but are especially well-developed in the outer 
sclerenchymatous zone, where almost every sclereid seems 
to contain one or up to four prismatic crystals in a row. One 
to three layers of fibres form the inner sclerenchymatous 
zone. Remnants of the inner epidermis and inner hypo-
dermal layers of the peri carp can be distinguished, lining the 
fruit locule. A distinct portion of the pericarp, namely the 
lens-shaped part under the two ridges, forms an operculum 
(Figure IC). We prefer the term operculum, because on its 
periphery the whole sclerenchymatous zone is interrupted by 
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parenchyma and a few scattered sclereids which are only 
slightly lignified (Figure ID). During germination this 
woody operculum becomes loose and lifts at the point of 
radicle protrusion. However, it is not released like most 
opercula, owing to the physical restriction, i.e., its position 
within a groove. 
Large vascular bundles occur to the inside of the fibres in 
the ridges of the pericarp, while two vascular bundles occur 
slightly obliquely in relation to the plane of the upper 
surface of the cotyledons (Figure I C). In the seed coat, two 
vascular bundles occur medially in relation to the plane of 
the upper surface of the cotyledons, the larger one practical-
ly underneath the operculum. As indicated in Figure IC, two 
additional small bundles occur in the seed coat. 
Dispersed on the outer surface of the seed as part of the 
original outer epidermis, peculiar one- to three- but usually 
two-celled structures, occur (Figure ID). These bubble-
shaped, air-filled, dead epidermal cells, which are covered 
with a very thin cuticle, seem to ensure an air-filled space 
between the sclerenchymatous pericarp and the seed coat. 
These cells are practically unstained with the PAS reaction 
and toluidine blue counterstain. The middle layers and inner 
epidermis of the seed coat are squashed, with the exception 
of the inner tangential cell walls of the latter. On the inner 
epidermis a well-developed cuticle is present, followed by 
two layers of tangential elongated endosperm cells with 
Figure 1 The diaspores of Arctotis fastuosa. The external morphology of (A) the brown and (B) the black diaspores; (C) transverse 
section of the brown diaspore; (D) higher magnification of a part of the pericarp and seed coat of the black diaspore. as, air space; 
cot, cotyledons; ec, bubble-shaped epidermis cells; endo, endocarp; es, endosperm; exo, exocarp; iesc, inner epidermis of the seed coat; 
isz, inner sclerenchymatous zone; oesc, outer epidermis of the seed coat; oper, operculum; osz, outer sclerenchymatous zone; 
p, parenchyma; ph, parenchymatous hypodermis; pvb, pericarp vascular bundle; svb, seed vascular bundle; large arrow shows the well-
developed cuticular layer, and the small arrow the less-developed cuticle. Scale bars in A: 100 fLm, B: 100 fLm, and D: 50 fLm. 
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thickened outer tangential cell walls. According to Grau and 
Hopf (1985), the endospenn of the Asteraceae consists of 
living cells rich in proteins and fatty oils, without starch. 
The cell walls are thickened and are mainly composed of 
mannose. 
The nutrient reserves of the cotyledons are the same as 
those of Dimorphotheca sinuata DC. disc diaspores (Beneke 
et al. 1992a), i.e. comprising mainly fats and proteins, the 
latter as protein bodies with globoid crystals. 
Black diaspores 
A rough surface and well-developed pericarp ridges are dis-
tinct features of the black diaspore (Figure IB). 
The pericarp structure of these black diaspores is very 
similar to that of the brown diaspores. However, the outer 
epidermis as well as the hypodennis are squashed so that 
only remnants of the epidennis are present and only some of 
the hypodennal cells can be distinguished. 
Seed coat characters are also very similar to those of the 
brown diaspore, except that the inner tangential cell walls of 
the inner epidermis can hardly be distinguished. The cuticle 
seems slightly less developed than that of the brown 
diaspores. 
Discussion 
At the periphery of the operculum which differentiates 
within the pericarp, the whole pericarp is distinctly less 
developed. This is the first report, as far as the available 
literature is concerned, of an operculum in the pericarp of 
the Asteraceae. Opercula in fruit sometimes differentiate 
only from the inner peri carpal tissues (or endocarp s.l.), e.g. 
in members of the Anacardiaceae (Von Teichman 1987). 
The operculum in Arctotis fastuosa is also clearly delimited 
by parenchymatous tissue. It may help with imbibition and 
during germination that this operculum opens along its one 
side when the radicle emerges at the apex of the achene. 
Anatomically there is very little difference between the 
peri carps of the brown and black diaspores. The difference 
in colour may be an optical phenomenon, caused by the 
compression of the epidermis and hypodermis. The 
epidermis of the black diaspore is squashed and possibly 
contains abundant tanniniferous substances in an early stage, 
whereas the brown diaspore epidermis is only compressed. 
The cuticle on the inner surface of the inner epidermis of the 
seed coat is slightly less developed in the black diaspores 
(0.70 fJ-m) than in the brown diaspores (1.53 fJ-m). 
Since air is a very good insulator against excessive heat, 
the bubble-shaped, air-filled epidennal cells of the seed coat 
may form a mechanism to protect the embryo against severe 
temperature fluctuations in their unpredictable environment. 
Pandey and Singh (1983), describing the morphology of an 
achene of Arctotis stoechadifolia Berg. var. grandis Less. 
from Lucknow (India), mentioned glandular hairs and 'a tuft 
of white silky hairs' at the base of the achene. The latter 
cover most of the fruit. Neither crystalliferous sclereids and 
an operculum in the peri carp, nor air-inflated cells in the 
seed coat, are present in that species of Arctotis. 
There seems to be no relationship between the colour of 
the diaspores and gennination since there were no signifi-
cant differences in germination behaviour between the two 
diaspore types of A.fastuosa (Beneke et al. 1992b). 
Ursinia cakllefolla 
White diaspores 
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This diaspore type of Ursinia cakilefolia is an obovate 
achene with a pappus. When the pappus is moistened it 
becomes mucilaginous and adheres to the soil. The pericarp 
of the white diaspore is less developed than that of the black 
diaspore, which is also manifested on the surface of the 
diaspores (Figures 2A-D). 
In the pericarp of the white diaspore the outer epidennis 
is intact, the cells being slightly radially elongated, with 
relatively thin outer tangential cell walls. The walls of the 
epidennis cells stained greenish with toluidine blue, whereas 
normally a reddish-purple colour can be seen in these cells. 
The green-staining reaction may be due to a secondary 
impregnation with polyphenolic substances, for example 
lignin. The two hypodermal cell layers consist of paren-
chymatous cells to the outside of the vascular bundles, while 
the remainder of the hypodennis consists of sclereids 
(Figure 2E). Adjacent to these layers (i.e. the outer 
sclerenchymatous zone), four to six layers of fibres occur, 
representing the inner sclerenchymatous zone. In the mature 
diaspore, one or two adjoining parenchymatous layers and 
remnants of the inner epidermis of the pericarp, or endocarp, 
are attached to the outer epidennis of the seed coat. 
The vascular bundles of the pericarp occur in five pairs, 
with two additional internal vascular bundles, as shown in 
Figure 2E. In the seed coat two vascular bundles are po-
sitioned medially in relation to the upper surface of the 
cotyledons. 
The outer tangential and radial cell walls of the outer 
epidennis of the seed coat are slightly thickened and ligni-
fied. This represents a weakly developed exotesta (sensu 
Comer 1976). However, the middle layer(s) of the integu-
ment is/are squashed in the mature diaspore. A very weakly 
developed cuticle is present on the inner surface of the inner 
epidennis of the seed coat. It is followed by one layer of 
endospenn. 
Black diaspores 
A structurally very well-developed pericarp, with a rough 
surface, prominent ridges and an obovate shape character-
izes the black diaspore type (Figures 2B & 2D). 
In this diaspore type the outer epidennis of the peri carp 
consists of radially elongated cells with thick, outer tangent-
ial cell walls (Figure 2F). These walls stain intensely 
reddish-purple with toluidine blue, are finely serrated, 
especially those of the cells within the grooves, and are also 
covered by a cuticle. The two hypodennallayers (i.e. outer 
sclerenchymatous zone) as well as the inner sclerenchym-
atous zone do not differ significantly from those of the 
white diaspores. However, the cell walls of the fibres are 
more intensely stained with toluidine blue and their cell 
lumens contain more tanniniferous substances than those of 
the white diaspores. 
The only difference in the seed coat of the black diaspore 
and that of the white diaspore concerns the cuticle, which is 
decidedly thicker in the black diaspore (0.42 J.Lm) than in 
the white diaspore (0.14 fJ-m). 
Discussion 
In Ursinia anthemoides (L.) Poiret the pericarp structure is 
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Figure 2 The two diaspores of Ursinia cakilefolia. The external morphology of (A) the white and (B) the black diaspores; higher 
magnification of the external morphology of (C) the white and (D) the black diaspores; (E) transverse section of the white diaspore; 
(F) higher magnification of the pericarp and embryo of the black diaspore. Except for the following, the abbreviations comply with those 
in Figure 1: end, endocarp; endot, endotesta; exot, exotesta; iml, inner mesocarp layers; phI, paren'chymatous hypodermal layers; 
shl, sclerenchymatous hypodermal layers. Scale bars in A: 1 mm, B: 1 mm, C: 10 IJ.m, D: 10 IJ.m, and F: 40 IJ.m. 
similar to that of U. cakilefolia, but the sclerenchyma in the 
mesocarp of U. anthemoides is discontinuous (Reese 1989). 
The outer epidermis of the seed coat in U. anthemoides 
shows no thickenings. Low germination percentages of the 
black diaspores, reported by Beneke et al. (1992b), might be 
explained by the well-developed pericarp, cutinization and 
presence of tanniniferous substances in the pericarp. The 
components of the epidermal cell walls of the white and 
black diaspores also differ, since they stain greenish and 
reddish with toluidine blue, respectively. The white dia-
spores of U. cakilefolia possibly evolved a mechanism to 
ensure great numbers of this species under favourable 
conditions, whereas the black diaspores represent a 'back-
up' germination mechanism preventing the loss of all 
diaspores in the seed bank when a short. wet period is 
followed by a long, warm, dry period. 
General discussion and Conclusions 
Germination experiments with the seed morphs of Arctotis 
fastuosa and Ursinia cakilefolia indicate that a thickened 
and lignified outer epidermis of the pericarp, the presence of 
abundant tanniniferous substances, and an extensive scleren-
chymatous zone in the mesocarp and cuticles, are associated 
with dormancy. Such diaspores can usually survive for a 
longer period in the soil (Venable &'Levin 1985). Polymor-
phism may confer a degree of plasticity by providing 
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structural mechanisms to extend the germination range 
which may be ecologically advantageous in unpredictable 
environments. 
Considering peri carp structure in its totality, the diaspores 
from Namaqualand present structural variations to the 
general theme. The pericarp of the Namaqualand diaspores 
is thicker than for example that of species of Athanasia L. 
and related genera (Kallersjo 1986), or Heterolepis Cass., 
Gorteria L. and other genera studied in detail by Reese 
(1989) and many other authors. Furthermore, it is remark-
able that the sclerenchymatous zone in the mesocarp always 
forms a solid cylinder. Except for the diaspores of A. Jas-
tuosa, the deposition of calcium oxalate is not a significant 
pericarp feature in the taxa under discussion. 
The presence of an operculum in the pericarp and the 
striking bubble-shaped, air-filled outer epidermal cells in the 
seed coat in Arctotis Jastuosa are regarded as probably the 
most significant structural adaptations reported for the first 
time in this paper. 
The overall structure of the seed coat of these taxa is 
relatively uniform. In all the species studied the cellular 
nature of the outer epidermis of the seed coat is evident. In 
the Asteraceae this represents one of the two patterns of 
integument development. In the second pattern a seed coat 
of collapsed, not 'cellularly differentiated', tissue is formed 
(Grau 1980). The presence and thickness of an outer and/or 
inner cuticle is significant in the present ecological context 
and shows the advantage of using semi-thin glycol meth-
acrylate sections. Furthermore, the outer seed coat cuticle is 
important since it demonstrates the independent nature of 
the seed coat (Grau 1980), i.e. the pericarp and seed coat 
being two distinctly separate units. 
Although Wagenitz (1976), in his definition of an achene, 
allows for a degree of union between pericarp and seed coat, 
the present study confirms the work of, amongst others, 
Gerdts (1905), Grau (1980) and Reese (1989) and favours 
the definition of Little and Jones (1980). The latter states 
that the seed coat in an achene is not attached to the 
pericarp. Considering the extensive thickening and lignifi-
cation in the outer epidermis of the seed coat in, for 
example, species of Garuleum Casso and the presence of up 
to four cell layers of sclereids adjacent to that epidermis in, 
for example, Cuspidia Gaertner (Reese 1989), the seed coat 
of the Namaqualand taxa is poorly developed. 
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